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2１ 267-50.0 0-27.3 
2２ 13.6-27.8 0-13.3 
２ ３ 6.7-13.9 0-6.5 
2４ 3.4-6.9 0-3.3 
2５ Ｌ7-3.3 0-17 
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１ l３Ｌ７ 7409 7508 7423 1.82 2.93 3.16 3.12 98.21 97.15 96.94 96.97 
２ 133.4 9268 9248 9254 0.58 ０６６ 0.37 0.51 ”.4２ 99.34 99.63 99.49
３ 6６７ 4719 4739 4737 0.21 0.47 0.64 ０．８５ 卯.7９ ,9.53 99.36 ”.1６
４ 48.3 2813 2862 2868 0.04 0.00 Ｌ7８ 1.96 99.96 100.00 98.25 98.08
５ 66.7 3681 3701 3703 0.16 0.22 0.71 0.82 99.84 99.78 99.30 99.19 
６ 133.4 6843 6855 6817 0.06 1.14 0.77 0.76 99.94 98.87 99.24 99.25 
 100.0 4901 4958 4935 1.98 2.14 3.14 2.84 98.06 97.90 96.96 97.24
 266.0 17484 17726 17723 0.50 0.59 1.88 1.96 99.50 ,9.41 98.15 98.08
９ 133.4 9046 9080 9090 09ｺ 1.06 Ｌ3１ 1.55 99.08 98.95 98.71 98.47 
1０ 128.7 6031 6129 6Ｍ４ 0.2M！ 0.38 199 2.26 99.64 99.62 98.05 97.79
1１ 66.7 5158 4937 4908 4.81 5.49 0.52 0.64 95.41 94.80 99.48 ”､3６ 
1２ 333 1934 1970 1％３ 000 0.00 1.86 1.50 100.00 100.00 98.17 98.52 
1３ 186.7 11529 11663 11646 0.16 0.17 1.33 1.19 99.84 99.83 9８６９ 98.82 
ＡＶＧ 0.89 1.12 1.50 1.55 99.17 98.,1 98.53 98.47 
STD ￣ 1.11 1.32 0.85 0.79 1.08 1.26 0.82 0.77 
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１ 131.7 1601 1786 1729 5.44 5.93 16.99 13.93 94.84 ,4.40 85.48 87.77 
２ 133.4 2456 2395 2394 2.77 2.81 0.29 0.28 97.30 97.27 99.71 ”.7２ 
３ 6６７ 1０１４ 911 915 11.34 10.85 1.18 108 89.82 90.21 98.83 98.93 
４ 48.3 ９１９ 781 735 15.56 20.35 0.54 0.33 86.54 83.09 99.46 99.67 
５ 6６７ 906 923 917 L2１ 143 3.09 2.65 98.80 98.59 97.00 97.42 
６ 133.4 1921 1９１３ 1900 3.49 3.96 3.07 2.86 96.63 96.19 97.02 97.22 
７ 100.0 1382 1349 1339 3.33 3.62 0.94 0.51 96.78 ,6.51 99.07 ”.4９ 
８ 266.0 3853 3874 3825 3.01 3２２ 3.55 2.49 97.08 96.88 96.57 97.57 
， 133.4 2157 2１５１ 2046 6.72 9.23 ６４４ 4.08 93.70 91.55 93.95 96.08 
1０ 128.7 2244 2374 2284 1.20 1.78 7.00 3.56 98.81 98.25 93.46 96.56 
1１ 66.7 770 748 744 5.32 5.32 2.47 1.95 94.95 94.95 97.59 98.09 
1２ 33.3 604 567 519 10.93 16.56 4.80 2.48 90.15 85.79 95.42 97.58 
1３ 186.7 3202 3337 3092 4.00 6.65 8.21 3.22 96.15 93.76 92.41 96.88 
ＡＶＧ 4.60 5.72 4.98 3.15 95.63 9４７６ 95.42 96.92 
STD 3.12 4.02 4.38 3.38 2.71 3.38 3.77 2.95 
Tbtal 1495.0 23086 22461 23164 
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matestendtobelalgerinvaluethanthel巳fb1mcedata,andthat
fewestimateshavelowerlcadingsofpulseratethanthelc化IL
encedatawhenthesecoefTicientsaleselectedFromThbleⅣ， 
itisfOundthatthemethodwithICconstructionplDcedul巳tends
todetectmorerespirationthanthatwithoutleconstructionpro-
cedulcdoes､TheleconstnlctionprocedulemayIaisetheposi-
tivepredictivitywhilereducingthesensitivityofdetectionwhen 
thesecoefficientsaIeselected・
DifTerencesindetectedtimingofcharactelisticpointsbe-
tweentｈｅ妃ferenceandestimatedsignalscanbeidentiliedｉｎ
Fig.７，especiaUybetweenthenasaltherlnistorandtheestimated 
r_ダニ纈Piration-relatedWavefmnsinFi9.7(e)-(9).Becauseonlythe
bedt-by-beatorb1℃ath-by-breathreadingsaIcconcemed,offBet 
inthedetectedtimingofcharacteristicpointsisnotanexigenｔ 
ｌｓｓｕｅ・
ThreemainsourcesofdegradeddetectionpelfOnnanceale 
considelCｄＯｎｅｉｓｔｈｅａｒｔｉｆａｃｔｉｎｄｕｃｅｄｂｙｂｏｄｙmovement・
Whenasubjecttumsoverinbedfi℃quentlyduringsleep,the 
measuledp1℃ssulepattemdistortsandthecharacteristicpoints 
fOrtherespirationrhythmandpulseratecannotbepmperly 
detectedfTomtheestimatedwavefOrms・Thisfactcanbefbund
inFig8,whelethedetectionelTorincleaseswhenthelewere 
altifactsintheprecedingorsucceedingp１℃ssu１℃signaLUsuaUy 
thetransitionperiodlastsfbrabout2-3s､Itwillespeciallyin-
HuencethedetectionoflespiratiomhythmsasshowninFig.， 
However,wefOundthatalthoughitwashardtoobtainsignal 
satisfactoryenoughtoanalyzeintheposturetransitionperiod， 
measuredsignalswe1℃acceptableprovidedthenear-neck 
occipitallegionhasgoodcontacttothepiUowfbranysleep 
gestures・Furthennore,theamplitudeofthepressuresignalis
notsensitivetothesleepgestu1℃､InthispapeLtheartifHctsdue 
tothebodymovementweredetectedwiththethlesholdmethod 
becausethesensorusuallydetectedaslowandlargewavefblm 
atthattiｍｅ・Inthedatausedinthislcsealch,only59Matawele
fOundwithartifactsduetobodymovementJftheartifactonly 
lastsfOrashorttime,therespirationrhythmandheartratemay 
beinterpolatedbyusingtheprecedingandsucceedingvalues・
Thesecondfactoristhesensorsignaldrop-out・Whenthe
sensorplateisnotcoIrectlypositionedbeneaththepillowpICs-
su1℃valiationsundertheheadcannotreachthesensorplateIt 
willsevelelyinHuencethedetectionof1℃spirationrhythmand 
pulserate・ＴｈｉｓｐｒｏｂｌｅｍｍａｙｂｅｓｏｌｖｅｄｂｙbindingthepiUow
tightlytothesensorplate・
Thelastfactoristhattheheadmayhavenogoodcontactwith 
thepillowandthepressurevaIiationcannotbetransmittedtothe 
sensorthroughthepillow・ThisproblemshouldbeIesolvedby
improvingthesensormechanismandevensystemtoachievea 
laIgerdynamicmeasuTementrange・
Becauseonlyonepressuresignalchannelisusedtoestimate 
the応spirationrhythmandpulsemte,themeasuIcmentinstru-
mentconfigurationisglCatlysimplifiedlnoldertofUrtherim‐ 
provedetectionperfbnnance,moIerobustalgorithms,molereU-
abledetectionstrategies,andsmcturalfabricationfOrhandling 
sensorsignaldrop-outandmovementaItifHctswillbeimporと
tant・Furthermole,clinicaldatarega【dingvanoussleepdisor＝
dersshouldbecollectedandassessmentsmadeoftheaccuracy 
andldiabilityoftheplOposedmethodinapplicationasasleep 
diseasemonitor． 
[Fig.9(a),theFPP[Fig.9(b)],theestimatedpulse-relatedwave-
fOnnswithreconstructionprocedure[Fig.9(c)],withoutrecon-
structionprocedulc[[Fig.9(｡)],thenasalthennistor[Fig.9(e)]， 
theestimatedrespiration-relatedwavefOnnswithreconstruc-
tionprocedure[Fig.9(f)],andwithoutreconstmctionplocedule 
[Fig.９(9)］Itisclearthatthepulse-relatedwavefbnncanbe 
estimatedbythemethodproposedinthispaper・However,arti-
factsgreatlyworsenestimationoftheIespirationlhythm､Such 
artifactsmightbeonereasonwhythedetectionaccuracyof 
thepulserateisbetterthanthatoftherespirationrhythmThis 
meansthattheproposedmethodismuchmorerobustfbrpulse 
ratedetectionthanfOr1℃spirationrhythmdetection・
ＩｔｃａｎｂｅｓｅｅｎｆｉＤｍＦｉｇ､２(a)ａｎｄ(b)thatthereisaphase 
diffelenceintherespiration-relatedwavefbnnsbetweenthe 
nearneckandfar-neckocciputpressures・Becauseｐ１℃ssure
variationsduetothebleathingmovementandheartbeatpul-
sationreachtwomeasu1℃Inentsitesヨ.ｅ，thefar-neckand
near-neck-viatwodifferenttransmissionroutes,thisimplies 
thatasimpleadditivemodelisnotaccurateenoughtode-
scribetherelationbetweenthefar-neckandnear-neckpressure 
variations・Thisphenomenonleadstodissatisfactionwiththe
instantmixingrequirementinthelinearICAmodel[29]and， 
therefbre,toincompleteseparationofthepulseandrespiration 
wavefbnns[15]・
BecausetheDWTperfOnnsasabankofbandpassfilters[Z3L 
thisfeatureissuccessfUllyusedtoseparatesignalsintodifferent 
frequencycomponents.ＩtiswellknownthatthefUndamental 
frequenciesoftherespirationrhythmandpulseratealelocated 
indifferentfiFequencybands・ThroughtheDWTdecomposition，
therespiration‐andpulse-relatedwavefOrmscanbebothesti-
matedfromthemeasuredpressuresignaL 
IncontrasttothelCAmethod,[29]theDWrapproachcan 
estimatetherespirationandpulse-relatedwavefbrmsfromonly 
onepressuresi印alchanneLInaddition,unlikethetime-con-
sunmngrecursiveoptimizationcalculationuseｄｉｎｔｈｅｌＣＡ 
ｍｅｔｈｏｄ,thecomputationalcomplexityoftheproposedmethod 
canbegreatlylCducedbecauseonlythecharacteristicscales 
needtobedecomposed,FromTnbleslⅡ1Ｖ，itisfOundthat 
thedetectionperfOnnancesfOrthepulseandrespiration-related 
wavefOnns，estimatedwithandwithoutIeconstruction，are 
veryclose・Fromone-wayanalysisofvariance,thesigniIicance
levelsPbetweentheperfbnnanceindexesfOrreconstruc-
tionandnonreconstructionaIemuchIargerthanO､Itcanbe 
concludedthattheleislittledeteriorationinthedetection 
peIfOnnanceevenwhenthepulseandrespiration-related 
wavefOnnsareestimatedwithouttheDWTreconstmctionplD-
cedu1℃・Thisleadstoimprovedreal-timeprocessingefficiency・
MoreoveLtheavoidanceofsubsampUngprocedulebyusing 
theZimo"salgorithm[24]alsoassulesphaseshiftinvarianＣｅ， 
whichmeansthatthealgorithmcanbeeasilyimplemented 
usinganydigitalsignalprocessorinrealworldapplications・
Itshouldbenoticedthattheevaluationlesultsdependonthe 
selectionofthecoefficientsofthethresholdfOrthedetectionof 
characteristicpoints・Thecoefficientsusedinthispaperwerede-
cidedempiricaUytoobtainapropercombinationofSeandP＋・
FromTnblem,itcanbeobselvedthatthePFNRislowerthan 
thePFPRfbrthepulseratesofmostsubjectswithorwithout 
the1℃constructionprocedure・ThisimpUesthatmostoftheesti-
ＩＥＥＥＴＲＡＮＳＡＣｍＯＮＳＯＮＢＩＯＭＥＤＩＣＡＬＥＮＧＩＮＥＥＲＩＮＧ,ＶＯＬ53,Ｎ0.12,DECEMBER2006 2562 
VCoNcLusIoN [13］Ｋ・Nakajima,HYamakose,HKuno,MNambu,Ｔ・Irie,MHiguchi，
Ａ・Sahashi,andT・Tnmura,"Apillow-shapedrespirationmonitCl;，，(ｉｎ
Japanese)Ｌ(/tSu`ppo汀,ＶＯＬ13,,0.1,pp､2-7,Jan､2001．
[14］Ｋ・Watanabe,Ｔ・Tnsaki,Ｔ,Nemoto,KYamakoshi,andW・Chen,"De‐
velopmentofbiometrysysteminthesleepbypillowcuffinstaUcdon 
theocciput;'７ｍ"３.〃"・SDC､MCdbBioL勘8.,voL41,suppL1,ｐ168,
2003． 
[15］Ｍ・Uchida,Ｓ・Ding,Ｗ・Chen,Ｔ,Nemoto,ａｎｄＤ・Wei,"Anapproach
fOrextmctionsofpulseandrespirationinfbnnationftompulsatilepres‐ 
suresignalsJ，pTesentedatthelEEEAsia-PacificBiomed・EngConf，
Kyoto,Japan,０ct､2022,2003． 
[16］Ｙ・Kanemitsu,Ｙ・Yamashita,TNemoto,Ｓ,Tnkada,Ｋ・Kitamura,K
Yamakoshi,ａｎｄＷ・Chen,“Developmentofbiometrysysteminthe
sleep,"presentedatthe43rdAnnualConfJapaneseSocietyMedBioL 
Eng.,Kanazawa,Japan,Ｍａｙ1421,2004． 
[ｌ７ｌＭ・Akay,刀menF9He"C)MmdIMMb応mBiomediMSig"αﾉＰ、‐
cesFmg、Piscataway,ＮＪ:IEEEPrcss,1998．
[18］ＣＬｉ,CZheng,andCThi,“DetectionofECGcharacteristicpoints 
usingwavelettransfbrmation/'ﾉEEE乃切"８.Ｂｊｍｚｅｄ勘8.,vol､42,ｐｐ、
21-28,Jan､1995． 
[19］Ｍ､Ｌ,Hilton,"Waveletandwaveletpacketcompressionofelectrocal七
diograms;，ﾉEEEmzJzs・Bjomed肋8.,voL44,no､5,pp394-402,Ｍａｙ
1997． 
[20］AKhameneandS・Negahdaripour,“AnewmethodfOrlheextrac-
tionoffetalECGfiomthecompositeabdominalsignals,，,ＩＥＥＥ乃口"s、
Bjomedb勘8.,ＶＯＬ４７，，０．４，ｐｐ､507-516,Apr､2000．
[21］Ｊ・Ｐ,Martinez,Ｒ・A1meida,Ｓ・Olmos,Ａ・Ｐ・Rocha,andPLaguna，
“Awavelet-basedECGdelineator:EvaluationonstandaIddatabases/, 
JEEE7》、2S・BiomedEFzg.,ＶＯＬ５１，，０４，ｐｐ､2464-2484,Apr2004．
[22］Ｗ､Chen,Ｘ・Zhu,Ｔ・Nemoto,YKanemitsu,Ｋ,Kitamura,andKYa‐
makoshi,“Unconstraineddetectionofrespirationrhythmandpulselate 
withoneunderpUlowsensorduringsleeP，，MCdBjol.勘８.CmOpulf，
ｖｏＬ４３,ｎｏ､２，pp306-312,Mar､2005． 
[23］Ｓ・MallatandSZhong,"Charactelizationofsignalsfmmmulti-scale
edges,，，ｌＥＥＥｍＪ"s､Ｐｂ舵、Ａ"α1.ＭJcﾉｶ,肋陀".，vol、１４，，０．７，ｐｐ、
７１Ｌ732,Ｊu1.1992． 
[24］Ｍ､Shensa,`Thedisc1℃tewavelettransfbnnation,weddingthed〃mds
andtheMallatalgorithm/，ﾉEEE7)mls､Sig"αﾉＰ"cess.,ｖｏＬ４０,ｎｏ、
10,ｐｐ,2464-2484,0ct､1992． 
[25］CTnswell,``Thewhat,howlandwhyofwaveletshrinkagedenoising，, 
CDmpmZilzgSmE)28.,vol､２，ｎｏ､３，ｐｐ､12-19,Ｍａｙ2000． 
[26］ＡＰ・Bradleyう"Shift-invarianceinthediscretewavelettransfOrms），ｉｎ
Ｐｍｃ.ＶIﾉﾝﾉzDjgjmﾉﾉmcJgj"gα〃p"j"８:Tbc".α"dAppﾉ.,Sydney,ＤＣＣ，
10-12,2003,ｐｐｌＬ１２． 
[27］LDaubechies’た〃陸aBu”ｏ〃1Mweﾉｅｍ．Philadelphia,ＰＡ:ＳＩＡＭ，
1992,ｐ,279． 
[28］Ｊ・ＰａｎａｎｄＷＪ・Tbmpkins,“Areal-timeQRSdetectionalgorithm,，,
ＩＥＥＥｍＪ"８.BjmledLE)z8.,ｖｏＬ３２,ｎｏ､３，ｐｐ・Z3L236,Mar､1985．
[29］Ａ・Hyviirinen,"Fastandrobustfixed-pointalgolithmsfOrindependent
componentanalysis;,'EEEmJ"８.ハノb"ｍＪハノロw､,ｖｏＬ１０,、０．３，pp
626-634Mayl999. 
[30］ANSUAAMIEC13:CardiacMonitors,HeartRateMeters,andA1anns 
ANSI,2002[OnlinelAvailable:http:"webstore・ansi・oIg/ansidocstore/
product,asp?sku=ANSI962FAAMI+ＥＣ13-2002,3I。
AICal-timepIocessingmethodtoestimatetherespiration 
IhythmandthepulseratefiPomtheocciputpressuresignal,with 
noninvasiveunconstrainedmeasurementsduIingsleep,waspro-
posedandverified､Thepressuresignalwasdecomposedinto 
detailandapproximationcomponentswiththeDWTmultireso‐ 
lutionanalysismethod・Therespirationrhythmcanbedetected
fromtheapproximationcomponentinthe26scale,andthepulse 
ratecanbeattainedfromthedetailcomponentsinthe24and25 
scalesafternoisesuppressionwiththesoftthresholdmethod 
Thereconstructionplocedurecanevenbeneglectedwithoutde‐ 
teriorationofdetectionpelfOnna､Ce・nlismethodpIovidesan
accurateandareHablemeanstomonitortherespirationrhythm 
andthepulserateinleal-timeduringsleepAfterclinicaleval-
uationandpracticalfeasibilityalestudied,thismethodisex‐ 
pectedtobeappUcableinthediagnosisofsleepapnea,sudden 
deathsyndrome,andaIThythmiasduringsleep． 
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